(Gomphotherium angustidens, Anchitherium d A. cursor, Conohyus simorrensis, Prosantorhinus douvillei and ruminants) indicate that diagenetic processes have not been intense enough as to obscure the original geochemical signal. Stable isotope (i:;180m3, 61 3 CC03 and 6180PCH) analyses have been measured on the herbivore tooth enamel across these levels with the aim of determining to what extent the global cooling and aridity pattern is recorded at this site. A decrease in 6180m3 and 6180P04 has been detected from Tl to T3-3 and T3-1 to T3-3 respectively indicating a progressive drop of about 6 QC (from around 18 QC to 12 QC) in mean annual temperatures within T3. Tooth enamel 61 3 C values experience an increase from T3-1 to T3-3
suggesting an increase in aridity. Ba/Ca analyses have also been performed on the tooth enamel in order to detect changes in the palaeoecology of the studied taxa. This ratio allows the establishment of particular feeding patterns such as a more browsing habit in the case of Gomphotherium angustidens compared to Anchitherium c( A. cursor as suggested by higher Ba/Ca values in the latter. Trace elements do not support any significant change across the succession in the dietary behaviour of the species analyzed, despite the stable isotopes evidence of an important palaeoc1imatic shift from Tl to T3-3.
The Lower and Middle Miocene witnessed remarkable global changes in palaeoclimatic and palaeoenvironmental conditions (Zachos et al., 2001; B6hme, 2003) . The Miocene Climatic Optimum (�20 to 14-13.5 Ma), a warm and humid subtropical period, was followed by a quick cooling episode and an increase in the aridity patterns linked to the reestablishment of the Antarctica ice cap during the Middle Miocene. This event has been recorded in marine and continental sections throughout the world highlighting its global magnitude (Kennett and Barker, 1990; Frakes et al., 1994; B6hme, 2003; Shevenell et al., 2004; Lewis et al., 2008; Costeur and Legendre, 2008) . Even though uncertainty concerning the ultimate cause that brought about these profound changes in the global climate still remains, several hypotheses have been invoked as trigger mechan isms. These include a decrease in global atmospheric pC02 levels (Kiirschner et al., 2008) , and also tectonic factors including the uplift of the Himalaya, which gave rise to profound changes in the atmospheric circulation pattern resulting in an increase in the seasonality of the precipitation and in aridity levels in mid and high latitude regions in the Northern Hemisphere (Pagani et al., 1999; Wang et aI., 2006) .
The Madrid Basin is a suitable region to check how these climatic shifts influenced the palaeoecology of the mammalian faunas. The majority of the palaeontological mammal record of this basin belongs to the Aragonian continental stage as defined by Daams et al. (1977) which spans an age range of between � 17 Ma and � 11 Ma. Particularly, the Somosaguas site was dated by Luis and Hernando (2000) around 14.1 to 13.8 Ma (Biozone E, Late Middle Aragonian, calibrated by Daams et al., 1999) on the basis of the micro-mammals discovered in Somosaguas. These dates coincide with the decrease in the temperature and the increase in the aridity happened just after the Mid-Miocene Climatic Optimum. Somosaguas site is situated in the Campus of the Universidad Complutense de Madrid in Pozuelo de Alarcon (Madrid, Spain) . It has been systematically excavated since 1998 and up to now, two superposed sites have been excavated: North Somosaguas (represented mainly by macro-mammal remains) and South Somosaguas (represented mainly by micro-mammal remains). To date, a total of 29 vertebrate species, 24 of which are mammals, have been found (L6pez-Martfnez et al., 2000; Hemandez Femandez et al., 2006) . In this study, tooth enamel from a range of mammals recorded in the Somosaguas site has been analyzed for stable isotopes (8 1 S0C03, 8 1 3 CC03 and 8 1 S0P04) and Ba/Ca ratios.
Oxygen isotopes from tooth enamel have been widely used to determine palaeotemperatures and the evolution of past climates (Longinelli, 1984; Kolodny and Raab, 1988; Ayliffe et al., 1992; Lecuyer et al., 1996 Lecuyer et al., , 2003a Grimes et al., 2003 Grimes et al., , 2005 . The 8 1 S0 value in both enamel phosphate and carbonate is related to that of body water, which in turn records water uptake (inspired O2, drinking water and plant water) and loss (excretion, expired CO2 and water vapour) of the animal during tooth development (Bryant and Froelich, 1995; Kohn, 1996) . 8 1 S0 values can be interpreted as changes in the isotopic composition of meteoric water, which are in turn positively correlated to mean annual temperature and humidity. Thus, an increase in temperature and aridity is associated with an enrichment of the heavy isotope eSO) whereas, a decrease in temperature and an increase in humidity result in a depletion of the heavy isotope (Luz et al., 1990; Ay liffe et al., 1992) . 8 1 S0 values from herbivore tooth enamel may also provide information about the type of diet and the evaporative rate suffered by the consumed vegetation and hence, it is possible to differentiate between obligate drinkers (animals that obtain most of their water from drinking, frequently grazers fe eding on vegetation with heavier isotopic values due to higher evaporation) and non obligate drinkers (those obtaining water mainly from plants, fre quently browsers fe eding on vegetation with lighter isotopic values) (Kohn, 1996; Levin et al., 2006) . The 8 1 S0 value of tooth enamel may also be affected by other factors such as the relative proximity to the coast, orography and latitude. During the Middle Miocene, Somosa guas was situated in the interior of a continental landmass far from the coast. It was also more than 30 km away from any known mountain chains, and itwas situated ata middle latitude (�40CN). Therefore, the 8 1 S0 value of tooth enamel from Somosaguas was probably not influenced by these non temperature related factors. Traditionally, the carbon isotopic composition from the enamel of herbivore mammals has been used to distinguish between different types of palaeodiets as it faithfully records the isotopic composition of the plants they eat (Quade et al., 1992 (Quade et al., , 1995 Latorre et al., 1997; Fox and Fisher, 2004; Grimes et al., 2004) . Plants can be grouped into three different photosynthetic pathways: C3, C4 and CAM (Crassulacean Acid Metabolism). C 3 plants use the Calvin photosynthetic pathway and account for 85% of the terrestrial plants (Ehleringer et al., 1991 ) . They include trees, shrubs, forbs, and cool-season grasses. C4 plants use the Hatch-Slack photosynthetic pathway and account for 5-10% of the terrestrial plants (Ehleringer et al., 1991 by the succulents (O'Leary, 1988; Ehleringer et al., 1991 ) . C3 plants discriminate more against the heavy isotope ( 1 3 C) during photosyn thetic fixation of CO2 compared to C4 plants. This results in very different carbon isotope compositions between these two kinds of photosynthetic pathways. ( P C values ofC 3 plants range from -34� to -23%0 (VPDB ), with an average of -27%0 (VPDB), whereas C4 plants have 0 1 3 C values ranging from -17%0 to -9%0 (VPDB), with an average of -13%o(VPDB) (Bender, 1971; Farquhar et aI., 1989) . CAM plants are able to fix carbon by using both types of photosynthetic pathways and as a result, they show intermediate carbon isotopic values. However, CAM plants are not particularly important when trying to distinguish among different types of palaeodiets as they do not constitute an important food source for herbivore mammals (Quade et al., 1994; MacFadden et al., 1994 MacFadden et al., , 1996 . Cerling and Harris (1999) determined an enrichment in 0 1 3 C between diet and tooth enamel of 14.1 ±0.5%0 such that tooth enamel from herbivores fe eding on C3 vegetation have 0 1 3 C values of between -16� and -9� (VPDB), whereas those eating C4 grasses have 0 1 3 C values of between -1%0 and +3%0 (VPDB). The use of trace elements in the palaeoecological reconstruction of mammals has been widely developed during the last few decades (Sillen, 1986 (Sillen, , 1992 Gilbert et al., 1994; Safont et al., 1998; Sponheimer et al., 2005; Sponheimer and Lee-Thorp, 2006 ) and particularly, with the aim of distinguishing between different types of diet (Balter et al., 2002; Palmqvist et al., 2003; Sponheimer et al., 2005; Sponheimer and Lee-Thorp, 2006) . Such is the case of barium (Gilbert et al., 1994; Safont et al., 1998) based on the premise that mammals discriminate against this element (biopurification of calcium). This process gives rise to Ba/Ca ratios decreasing up the food chain (Elias et al., 1982; Burton et al., 1999; Blum et al., 2000) . Most of studies of mammalian palaeofaunas have focused on post-Late Miocene communities after the expansion of the C4 plants had occurred (e.g. Sillen, 1986 Sillen, , 1992 Gilbert et al., 1994; Safont et al., 1998; Palmqvist et al., 2003 Sponheimer et al., 2005; Sponheimer and Lee-Thorp, 2006) . However, Somosaguas is a Middle Miocene palaeontological site (�14.1-13.8 Ma) and therefore, the objective of this study is not to detect a CrC4 diet change, but rather to determine whether there is any change in the pattern of the trace elements among the different stratigraphic levels and to detect differences among the taxa that could indicate a change in the grazing-browsing gradient of fe eding behaviour.
Geological setting
The Somosaguas palaeontological site is located in the Madrid Basin, which forms part of one of the main Cenozoic basins in the Iberian Peninsula, the Tagus Basin (Fig. 1) . During the Miocene, the Madrid Basin was mainly filled by continental arkosic, clayish and evaporitic sediments deposited by alluvial fans and lakes whose source area was mainly situated in the Sistema Central (Fig. 1 ) . Megtas et al. (1980) , Alberdi et al. (1985) and Calvo et al. (1993) proposed three different depositional units for these sediments according to tectonic, stratigraphic and sedimentological criteria: the Lower Unit (Ramblian-Middle Aragonian, -20 to 15 Ma), the Middle Unit (Middle Aragonian-Vallesian, � 15 to 10 Ma) and the Upper Unit (Vallesian Turolian, � 10 to 5.3 Ma). The Somosaguas section belongs to the Middle Unit.
Three different stratigraphic levels have been recognized in Somosaguas: T1, T2 and T3 (from the bottom to the top). The T2 level pinches out to the north, so that T3 lies directly over Tl at North Somosaguas (Fig. 2) . Mtnguez-Gandu (2000) gave the following sedimentological description of these three levels:
-Tl : Brown-yellowish arkosic level with clay content increasing towards the top of the layer, which has been interpreted as mud In summary, T1 and T3 represent middle-distal alluvial fan facies, whereas T2 corresponds to a distal facies of those fans represented by sub-aquatic environments in a permanent lake shore or pond (Mfnguez-Gandu, 2000; Cuevas-Gonzalez, 2005) . Elez (2005) carried out a Geographic Information System (GIS) reconstruction of the layout of the fossil remains from the beginning of the excavation in 1998. This author discovered that the concentration of fossil remains in T3 level was distributed in 3 distinct zones, namely T3-1, T3-2 and T3-3 from the bottom to the top, separated by two levels with an apparent shortage of fossils. The morphology of these levels, concaving upwards and rapidly pinching out towards the South, indicates the existence of multiple avalanche episodes (Elez, 2005) . On the other hand, Fraile et al. (2000) proposed for the Madrid Basin a humidity curve based on the mammal assemblages. In both studies, it is noticeable that an increase in the degree of aridity in the Lower Aragonian is proposed, so that during the Middle Aragonian a maxi mum dry period is reached (Fig. 3 ). After that, both studies agree that an increase in the relative humidity occurred during the Upper Aragonian. The most significant difference between both studies lies in the position of the aridity peak. According to van der Meulen and Daams (1992) , the driest period would coincide with Biozone E whereas Fraile et al. (2000) placed this event in Biozone D (Fig. 3) .
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Materials and methods
On account of the shortage and value of the carnivore remains at this site (Salesa and , only the dental enamel of the herbivores has been analyzed. Both, gomphothere Gomphotherium angustidens and equid Anchitherium ct: A. cursor are considered browsing species, although the latter was likely better adapted to open grasslands according to its postcranial morphology Hernandez Fernandez et al., 2003) . Conohyus simorrensis is a suid that may have had an omnivorous diet as deduced from its dentition with hypertrophid premolars, bunodont molars with well-developed pyramidal cuspids and hyaenoid-type teeth (Sanchez, 2000; van der Made and Salesa, 2004) . Prosantorhinus douvillei is characterized by brachydont teeth, hippopotamid appearance and extreme brachypody (Cerdefio, 1989) . In Somosaguas, there exist three different ruminant genera (Sanchez, 2000) : Heteroprox, Tethytragus and Micromeryx. Due to the shortage of material and to the fact that only small fragments of ruminant teeth were sampled for geochemical analyses, it was not possible to assign every ruminant tooth to a specific genus. Therefore, from now onwards we will put these three genera under the same group: "ruminants".
The enamel of Gomphotherium angustidens, Anchitherium ct: A cur sor, Conohyus simorrensis, Prosantorhinus douvillei and ruminants was analyzed for F, P and Ca concentrations, Rare Earth Elements (REEs) ratios, stable isotopes (8180C0 3 ' 81 3 CC0 3 and 8180P04) and Ba/Ca ratios.
Cuevas-Gonzalez (2006) carried out a preliminary isotopic study of the Somosaguas mammal enamel and paleosoil carbonate. This author analyzed enamel samples from Tl (South Somosaguas) and T3 (North Somosaguas), which was divided into upper and lower levels. In the present study, the number of enamel samples analyzed has been substantially increased and samples from the three levels in T3 (T3-1, T3-2 and T3-3) proposed by Elez (2005) have been included. Cuevas
Gonzalez (2006)'s lower T3 would correspond to T3-1 and T3-2, whereas his upper T3 is equivalent to our T3-3.
Using the method described in Grimes etal. (2003) , analyses of Ca, P and F contents were performed on the Scanning Electron Microscope in order to check the mineralogy of the enamel. Taylor and McLennan, 1985) were used to normalize the raw REE data in this study. For Ba, the standard used was Bone Ash 1400, with a standard Ba value proposed by Balter and Lecuyer (2004) . Ba/Ca values are presented as ratio x 1000 (Sillen, 1992; Balter et al., 2002 , Palmqvist et al., 2003 Sponheimer and Lee-Thorp, 2006) . The Ca content was analyzed by using atomic absorption spectrometry (AAS) on a Varian Spectr AA at the University of Plymouth (United Kingdom). Isotopic ratios were determined in a SIRA 11 mass spectrometer. The international NBS-19 standard gave a 8180 value of -2.23±0.05%o
(VPDB) (n =4) and a 01 3 C value of 1.95 ±0.02%o (VPDB) (n=4).
Forty 8180P04 analyses were conducted at Royal Holloway University of London (United Kingdom) using the direct laser fluorination (DLF) technique described by Iindars et al. (2001) alogy when dealing with osseous samples, in contrast with that of fluorapatite, regarded as the altered mineralogy (Hubert et al., 1996; Kolodny et al., 1996; Grimes et al., 2003; Nemliher et al., 2004) . Based upon this evidence it can be argued that the Somosaguas samples retain a reliable geochemical signal, affected at most only by a low degree of diagenetic alteration.
On the other hand, Zazzo et al. (2004) stated that microbially induced alterations may produce important changes in the 8 18 0P04
value. SEM images obtained from the herbivore tooth enamel from Somosaguas site (Fig. 5) did not show evidence of micro organisms affecting this tissue during the fossilization process and therefore it can be assumed that pristine 8 18 0P04 values have been maintained. (Elorza et al., 1999; Metzger et al., 2004; Martin et al., 2005; Trueman et al., 2006) . However, the vast majority of studies deal preferentially with fossil bone that traditionally has been considered more prone to suffer diagenetic effects. Furthermore, REEs detected in fossil bones and teeth are believed to be a reflection of the pore water composition during burial (Trueman, 1999) samples from Somosaguas have a flat REE pattern (Fig. 6) , which in a similar manner to the REE concentrations is indicative of at most a low degree of diagenetic alteration of the mammal enamel from this site.
Rare Earth Elements (REE)
Finally, in light of SEM and REE analyses, no extensive inorganic alteration seems to have affected the herbivore tooth enamel from the Somosaguas site. According to Zazzo et al. (2004) , this is important as it suggests that the 8 18 0C0 3 signal has not been modified. Interspecific differences in 8 18 0C03 values can also be interpreted from a palaeoecological point of view Kohn, 1996; Sponheimer and Lee-Thorp, 1999 
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Subsequently, a statistically significant decrease in MAT across levels (AN OVA: F== 26.706 and p<O.OO1) values can be observed in Fig. 9 from an average MAT value of 17.8 ±U cC in T3-1 to an average MAT value of 11.6±0.7 cC in T3-3.
As said before, 8180P04 analyses could not be performed on the enamel from T1 due to the shortage of material. However, in a previous study carried out by Hemandez Femandez et aL (2006) , MAT values were calculated by using 8180C03 values and estimating 8180P04
from Iacumin et al. (1996) 's equation. In this study a MAT value of �26.6±4.9 cC was obtained for T1 level. This result agrees with the whole recorded trend of temperature drop as explained above.
When applying Eqs. (1)- (5) the user should be aware of certain limitations. Firstly, all of the equations were derived using very specific taxa. Therefore, their application to larger groups requires the assumption that they have similar overall metabolisms. Secondly, to use it in this study. (Fricke and O'Neil, 1996) . A statistically significant difference is observed in 81 3 CC0 3 values between T3-1 and T3-3 (Post-hoc Tukey's test: p = 0.009) .
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When considering the total mean 8 13 CC0 3 value of each species, it can be observed that Prosantorhinus douvilIei shows the lowest value (-11.5 ±2.5%o), followed by Conohyus simorrellSis (-10.2± 1.6%0), Gomphotherium angustidens (-10.0:t 1.1 %0). Anchitherium cf. A. cursor (-9.8±1.1%O) and the ruminants (-9.5 :1:: 1.2%0). In spite of the small differences (ANOVA: F=1.542 and p=0.198). In Fig. 10 , it can be observed that in levels T1 and T3-1, ruminants
show the highest 81 3 CC0 3 values, however, this cannot be seen in levels 13-2 and T3-3. Statistically Significant differences have only been obtained in level T3-1 when applying {-Student test to every level comparing ruminants vs. non-ruminants taxa (Tl: t= -10437, p=0.201; TJ-1: 1=-2.976, p=0.008; 13-3: 1=0.135, p=0.894; TJ-3: t=-0.138. p=0.891). It is interesting to point out that 13-1. which as previously stated is the most humid level and therefore the vegetation would probably be more diverse. is also the one where the LWO functional groups of large herbivores seem to show a larger capability to discriminate among different dietary resources. Never theless, an unequivocal conclusion concerning this issue cannot be attained unless a further number of analyses are carried out.
Ba/Ca ratio
When considering all the levels independently, no statistically significant differences are found among different taxa by means of ANOVA test (TJ-1: F= 1.724, p=0.215; TJ-2: F=3.132, p = 0.062; TJ-3: F= 0.952. p=OA53). Nevertheless, witllin tile Somosaguas samples, it can be seen that the ruminants show the highest Ba/Ca ratio (0.8 ± 0.4) of the assemblage. Anchitherium cr. A. cursor has a higher value (0.6 ± 0.3) than Gomphotherium angustidens (0.4 ± 0.1 ). while Prosantorhi nus douvillei has a value similar to that showed by Gomphorherium angustidens (OA±O.1). Finally. Conohyus simorrensis has the lowest value (0.3 ± 0.1) of the assemblage (Table 3 . Fig. 11) . 
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Anchitherium ct: A. cursor is enriched in the Ba/Ca ratio compared to Gomphotherium angustidens. Once more, this difference is observed in all levels. This fact could be indicative of a more browsing habit in the Miocene gomphothere as supported by 8 18 0C0 3 and 8 1 3 CC03 values. On the other hand, the suid Conohyus simorrensis shows a high variability when regarding separate levels. This may be connected to some degree of omnivory.
Additionally, no statistically significant differences were found among stratigraphic levels when species are separately analyzed by means of ANOVA tests (Gomphotherium angustidens : F=0.146, p=0,86S; Anchitherium ct: A. cursor: F=0.313, p=0.736; Conohyus simorrensis: F=2.379, p=0.188; ruminants: F=0.168, p=0.8S1). This indicates that there were not substantial changes in the dietary requirements of the different taxa across the studied Somosaguas section.
Discussion
The isotopic analyses performed on herbivore tooth enamel from four successive levels of the Somosaguas section reveal a decrease in 8 18 0 (carbonate and phosphate), which may reflect a drop in 8 18 0H20 indicative of a decrease in temperature. A contemporaneous rise in 8 1 3 CC03 values is probably indicative of an increase in aridity.
The temperature decrease across the T3 level has been estimated at �6.2± 1.0 cC (from 17.8c to 11.6 cC) which coincides with the interpretations proposed by other authors for the Mid-Miocene climatic crisis (Frakes et al., 1994; B6hme, 2003; Bentaleb et al., 2006) . The temperature decrease along the Somosaguas section could be even greater (�lS.0± 1.8 cC, from 26.6c to 11.6 cC), if we take into account MAT values calculated when using 8 18 0C0 3 values from the lowest Tl level (Hemandez Femandez et al., 2006) . Although evidence from all the Somosaguas levels indicates a tropical-subtropical environment, the difference of around 15 cC between T1 and T3-3 is comparable to those found in the largest oscillations between interglacial and glacial periods from different records in the Pleistocene of Europe (Ponel, 1995; Fauquette et al., 1999; Hemandez Femandez, 2006; Hemandez Femandez et al., 2007) . Therefore, it seems that the isotopic record of the mammalian fauna from the Somosaguas sites might reflect a deep change from a warm phase to a temperate phase within the Milankovitch cyclicity typical of the Earth climatic variability. The intensity of this oscillation could be related to the enhancement of the Middle Miocene global cooling trend 14 Ma ago (Flower, 1999; Shevenell et al., 2004 These findings support the general pattern of global cooling and increased aridity observed by different authors in marine and continental sections from this period (Samthein et al., 1982; Kennett and Barker, 1990; van der Meulen and Daams, 1992; Zachos et al., 2001 ; Hemandez Femandez et al., 2003; Cuevas-Gonzalez, 2005; Fesharaki, 2005) . As previously said, Lower and Middle Units in the Madrid Basin show very low sedimentation rates, so that a time span of � 105-125 ka can be estimated from T1 to T3-3. Therefore, the palaeoclimatic record
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• across the Somosaguas sections is coincident with the sudden global cooling detected in oceans and continents from high and middle latitudes about 14 Ma ago, attributed to the reestablishment of the Antarctica ice cap (Flower and Kennett, 1994; Zachos et al., 2001 ; Shevenell et al., 2004) . This event brought about a global and sudden (�200 ka; Zachos et al., 2001 ) decrease in temperatures, as reflected in the increase of 8 18 0 in planktonic and benthic foraminifera. This event was also accompanied by a sea level fall, profound changes in the deep ocean circulation, a positive 8 1 3 C excursion (Monterey Event) and increasing aridity in mid-latitude areas. Most studies related to this cooling episode have been focused on the marine record (Shackleton and Kennett, 1975; Miller and Katz, 1987; Woodruff and Savin, 1991 ; Abreu and Anderson, 1998; Pagani et al., 2000; Billups and Schrag, 2002) . Less attention has traditionally been paid to the terrestrial record, but it has been observed that the response to this global cooling happened a little later between 14 and 13.5 Ma in the continental realm (B6hme, 2003; Bruch et al., 2007 ) , coincident with the age of the Somosaguas section. Frakes et al. (1994) produced a compilation of palaeotemperature values based on terrestrial proxies and developed temperature curves for particular latitudes and ages from the Early Cretaceous to the Middle Miocene. These authors detected a decrease in the temperature value at � 14 Ma. For a palaeolatitude of 40cN (similar to the Somosaguas latitude at that moment), the temperature value estimated by Frakes et al. (1994) is �15-20 cc. B6hme (2003) carried out a further palaeoclimatic study based upon ectothermicvertebrates assemblages from Central Europe and proposed a pattern of change for MAT from the Early to the Late Miocene. According to this author, a sudden climatic shift took place between 14 and 13.5 Ma giving rise to the extinction of alligators, chameleons and giant turtles in this area. This climatic shift is represented by a MAT drop of at least 7 cC to minimum values around 15 cc.
Concerning the increase in 8 1 3 CC03 values from mammal dental enamel from the Somosaguas section, a trend towards increased aridity can be deduced. According to Feranec and MacFadden (2006) and Kohn and Law (2006) , in Crdominated ecosystems (either modem ecosys tems lacking C4 plants or ancient ecosystems previous to C4 plants expansion at the Late Miocene-Pliocene boundary), the 8 1 3 Cvalues from palaeosoils or vertebrate bones and enamel correlate to the precipitation amount and plant productivity and with the ratio between potential evapotranspiration and mean annual precipitation. Thus, low 8 1 3 C values indicate wetter conditions, whilst high 8 1 3 C values may reflect drier conditions, according to these authors. The increase in 8 1 3 CC0 3 values observed from T3-1 to T3-3 in the two most abundant taxa at the Somosaguas site (Gomphotherium angustidens and Anchitherium ct: A cursor) would therefore indicate a shift towards more arid conditions. This aridity trend in Somosaguas is compatible with van der Meulen and Daams (1992)'s study carried out in the Calatayud-Daroca Basin (Spain). As commented above, they located an aridity peak in Biozone E, which is coincident with the dating of the Somosaguas site. This increase in the aridity patterns has also been observed in other mid-latitude regions all around the world, such as Africa (Retallack, 1992) , North America (Wolfe, 1985) , South America (Pascual and Ortiz-Jaureguizar, 1990) and Australia (Stein and Robert, 1986) . Lopez Martlnez et al. (2000) argued that the arid period recorded in the Madrid Basin corresponds to a cooling event detected in high latitude oceans and continents approximately 14 Ma ago (see above).
On the other hand, it is noticeable that although the isotopic signal recorded in mammal enamel from Somosaguas shows a clear correspondence with the changes in the environmental conditions detected in the Middle Miocene, Ba/Ca analyses do not record any well defined pattern of change from Tl to T3-3, demonstrating that the dietary requirements from the studied taxa were maintained. This is probably related to the larger dietary versatility of herbivores living in arid environments (Sinclair, 2000) .
It is also interesting to note that the 6 cC decrease from T3-1 to T3-3 had no relevance in the faunal composition of the mammalian fauna in T3. Within the tropical realm, it is usual that relatively large changes in climatic factors associated to temperature are not paralleled with significant changes in faunal composition. This is because in such ecosystems, temperature is not the limiting factor for mammalian faunas. Instead, changes in humidity are much more important for tropical fa unas. Nevertheless, the increase in aridity from T3-1 to T3-3 is not apparently reflected in the composition of the mammalian community of Somosaguas. This could be related to the fact that faunas inhabiting arid ecosystems are usually adapted to the high degrees of variation in precipitations in these areas (Walter and Breckle, 1986; Schultz, 2005) and, therefore, changes in aridity larger than the one observed here are needed in order to detect fa unal changes. After this important palaeoclimatic shift, the same or very similar vertebrate species continued to inhabit the Madrid Basin in Late Aragonian times (Soria et al., 2000) , which suggest no major evolutionary change in the mammalian fauna at this key climatic interval.
Conclusions
This study provides palaeoenvironmental information by means of geochemical analyses of dental enamel from different herbivore mammals (Gomphotherium angustidens, Anchitherium cf. A. cursor, Conohyus simorrensis, Prosantorhinus douvillei and ruminants) from the Somosaguas site (Madrid Basin, Spain) dated to the Middle Miocene (Middle Aragonian Biozone E; 14.1-13.8 Ma). Previous Scanning Electron Microscope and Rare Earth Element analyses suggested only minor alteration of the dental enamel from this site. 8 18 0C0 3 and 8 18 0po4 values showed a decrease across the stratigraphic succession, related to a drop in the 8 18 0H20, which in turn is connected with a decrease of MATs. From level T3-1 to T3-3, in less than 100 ka, a drop of �2.4±0.4%o (VSMOW) in 8 18 0H20 is recorded, that would correspond to a drop of � 6.2 ± 1.0 cC in MAT, from 17.8 cC to 11.6 cc. These values agree well with those proposed by other authors in continental studies for this period of time and coincide with the global, rapid climatic shift detected in the oceans at Middle Miocene times, when the Miocene Climatic Optimum was followed by a sudden deterioration of the climate as a consequence of the reestablishment of the ice cap in Antarctica. Moreover, Somosaguas section also records an increase of ( P CC0 3 values, indicating an increase in aridity. This confirms the intense aridification in middle latitudes that accompanied the Middle Miocene global cooling.
Aditionally, 8 1 3 CC0 3 values were also indicative of the dietary habits of Somosaguas mammals, which are coherent with those provided by C 3 feeders (since C4 plants were only abundant from the Late Miocene-Early Pliocene). However, it has been possible to infer a less browsing habit for Anchitherium cf. A. cursor and the ruminants. Finally, Ba/Ca ratios also suggest a higher percentage of forbs in the diet of the equid compared to the gomphothere, as well as differences between gastrointestinal tracts (ruminants vs. equid, gomphothere and rhino) and a more omnivorous behaviour for the suid Conohyus simorrensis. The fact that Ba/Ca patterns did not show any significant difference across different levels might be indicative of the main tenance of the dietary behaviour in spite of the detected shift in past climatic and environmental conditions. Therefore, it has been shown that the Somosaguas site (Madrid Basin, Spain) is an excellent succession with the right age and fossil content to study the effects of the Middle Miocene global cooling in continental palaeoenvironments. Further investigations on this and other Middle Miocene mammalian palaeontological sites may help to gain a thorough understanding of the effects that this global event exerted on the continental ecosystems.
